We have proposed a new minimal extension of the Standard Model with a heavy Majorana fermion triplet(Σ) and an extra scalar doublet(η) so that the seesaw mechanism is radiative and can be accessible at upcoming accelerators. The origin of neutrino mass via the famous seesaw mechanism through the heavy Majorana fermion triplet has been discussed. We have proposed a mechanism of leptogenesis by the decay of the lightest neutral component of the fermion triplet into a Standard Model lepton doublet and an extra Higgs doublet. The important thing is that the leptogenesis scenario discussed in this letter can be of TeV scale and hence can be testable at Large Hadron Collider(LHC). We have also discussed a possible dark matter scenario in our model and the possible phenomenology of the fermion field Σ.
I. INTRODUCTION
Neutrino mass is by far the most important subject of study in neutrino physics and the mass of neutrinos has been the topic of intense experimental and theoretical investigation.
There is convincing evidence of neutrino mass from several experiments and the landscape of particle physics has been fundamentally altered forever by this discovery. The theoretical question is not only how one can extend the Standard Model(SM) to find models with massive neutrinos, but also how one can understand the smallness of the neutrino mass compared to that of the charged fermions. The origin of the small neutrino mass is still a mystery. It is commonly believed that neutrino masses are a low-energy manifestation of physics beyond the Standard Model and that their smallness is due to a suppression generated by a new high-energy scale, perhaps related to the unification of forces. This is achieved, for example, with the celebrated seesaw mechanism [1] [2] [3] [4] [5] [6] involving heavy particles.There are three different kinds of heavy particles that can induce an effective operator L = y ef f ℓℓφφ M (where ℓ is the SM lepton doublet, φ is the SM Higgs doublet) which can provide small neutrino mass forM ≫ M W . There are three kinds of seesaw mechanism occurs in nature via the following three kinds of heavy particle:
1. Standard Model fermion singlet, coupled to the leptons through Dirac Yukawa couplings and usually called right handed neutrinos (type I seesaw [2, 3, 5, 6] ).
2. Triplet scalar under SU(2) with Y=2 coupled to leptons through Dirac Yukawa couplings (type II seesaw [7, 8] ).
3. SU(2) fermion triplet (Y=0) coupled to leptons through Dirac Yukawas (type III seesaw [9, 11] ).
One assumes that there were equal amounts of matter and antimatter in the Universe at the time of the Big Bang or, at the end of reheat after inflation. But we observe today an enormous preponderance of matter compared with antimatter [12] . Leptogenesis has been extensively studied in first and 2nd kind of seesaw(for right handed singlet fermion and triplet scalar case respectively) [6, 18-24, 34, 36-38] which relates neutrino properties and hence the requirement of successful baryogenesis yields stringent constraint on the neutrino mass(both light and heavy neutrino case).
A major part of matter in the Universe is not visible and much of this is Dark Matter.
Therefore we can define two categories: Baryonic Dark Matter, composed of baryons which are not seen, and Non-Baryonic Dark Matter, composed of massive neutrinos, or elementary particles which are as yet undiscovered. The particles which comprise non-baryonic dark matter must have survived from the Big Bang or, at the end reheat after inflation and therefore must be stable or have lifetimes in excess of the current age of the Universe.
Recent cosmological observations [17] not only tell us how much dark matter exists but also that it must be nonbaryonic it is not one of the known elementary particles contained within the Standard Model of particle physics. Dark matter is a known unknown. We do not know what the underlying theory of dark matter is, what are the detailed particle properties of it, nor the particle spectrum of the dark sector.
In this paper, we have discussed the leptogenesis scenario by the decay of the lightest neutral component of fermion triplet and it's phenomenological implications which may be testable in near future. The paper is organized like this: Section (II) give the particle content of an extra fermion triplet per each generation and an extra Higgs doublet which are different from Standard Model particles by a discrete symmetry(Z 2 ). In section (III) we discuss the neutrino mass generation by radiative mechanism. In section (IV), the kinematical effect of the leptogenesis have been discussed and the scenario can alter the out-of equilibrium condition substantially. Here we gave the first full calculation of thermal leptogenesis by the decay of SU(2) triplet fermion Σ. Section (V) discusses possible dark matter candidate in our model and discussed the possible phenomenology of fermion triplet Σ. Finally, section (VI) gives the conclusion.
II. OUR MODEL
In our model we extend the Standard Model by introducing a three generation of fermionic triplet neutrinos Σ i (i=1,2,3) and one more Higgs doublet η. We impose a Z 2 discrete sym- 
and
Here ℓ α and e Ri are the lepton doublet and the right-handed charged lepton respectively.
Since Z 2 symmetry is exact and will not be broken, η(η 0 , η − ) will not develop a nonzero vacuum expectation value. Therefore the neutrino does not obtain mass at tree level as lepton number is conserved. However, given a term like
lepton number is not automatically conserved, but the lepton number violation should be small. Hence, the value of the coupling λ must be small. In other words, neutrinos gets a non-zero mass, but obviously this mass is generated only at the loop level. For convenience and without loss of generality, we will chose the basis where the fermion triplet mass matrix is real and diagonal.
III. NEUTRINO MASS BY FERMION TRIPLET
In this section, the generic type III seesaw mechanism by fermion triplet has been discussed. However, we don't interest in generic seesaw. Then we have shown that how samllness mass came from radiatively via triplet fermions at one loop diagram.
For generic type III seesaw mechanism, one must replace three right handed singlet neutrinos by three fermion triplet neutrino under SU (2) . The fermionic triplet is given as.
The corresponding Lagrangian for this model is given
This gives rise to the diagram shown in Fig. (1), and after integrating out the heavy Σ field, one obtains the desired form for the seesaw neutrino mass
Hence by setting M Σ ≫ φ 0 , one can explain the smallness of neutrino masses. This is often referred to as the type III seesaw mechanism .But this is given for general feelings of type III seesaw to generate small neutrino mass. But we have different approach to get neutrino mass radiatively.Then the above Yukawa term is not allowed in our model. Neutrino mass generation radiatively will be discussed in next subsection.
A. Neutrino mass by loop effect
There are no Dirac masses between the left and right-handed neutrinos since the exact Z 2 symmetry protects η from obtaining vacuum expectation values. So, the neutrinos will remain massless at tree level unless the quartic scalar interaction
is included which gives mass at the one loop level as shown in Fig:2 . Because of the assumed Z 2 symmetry, ν α does not couple to Σ i through φ 0 . Hence Σ i is not the Dirac mass partner of ν α as in the canonical seesaw model [29, 30, 33, 34] . Instead, ν α couples to Σ i through η 0 (which has no vacuum expectation value) and obtains a radiative Majorana mass in one
The one loop diagram for light neutrino mass generation via radiative mechanism through fermion triplet
where
This neutrino mass matrix can explain the neutrino oscillation data well as long as we set appropriate values for the parameters λ, h αi , M Σ i and M η . We note that λ should be very small to generate desired neutrino masses. However, this tuning is not so bad nature since it can be controlled by a global symmetry which appears if we make λ zero.
instead of the canonical seesaw expression of v To check the consistency of this model with observed results on neutrino mass, we present a particular flavor structure of the Yukawa sector which fits the neutrino data appropriately.
Consider such flavor structure for neutrino Yukawa couplings as
In this case the neutrino mass matrix can be written as
and the tri-bimaximal neutrino mixing is automatically realized for the neutrino mass matrix (7) [40, 42] . However, only two mass eigenvalues take nonzero values. Thus, the neutrino oscillation data can be consistently explained as long as the following conditions are satisfied:
These come from the required values for ∆m 2 atm and ∆m 2 solar , respectively. We need to consider the constraints from both the lepton flavor violating processes. In leptogenesis, the lightest M Σ i may then be much below the Davidson-Ibarra bound [35, 36] of about 10 9 GeV, thus avoiding a potential conflict of gravitino overproduction and thermal leptogenesis. In this scenario, η 0 is dark matter.
IV. LEPTOGENESIS
Leptogenesis provides a simple and elegant explanation of the cosmological matter- 
where g Σ = 2 is the spin degrees of freedom of fermion triplet component., so that their number density before they decay is ∼ g Σ T 3 /π 2 if we assume they go out of equilibrium before they become non-relativistic. Using s = (2/45)g * π 2 T 3 , where g * = g boson + (7/8)g fermions is the effective relativistic degree of freedom contributing to the entropy(g * = 106.75), we
This lepton asymmetry will then be reprocessed by anomalous electroweak sphaleron process, leading to a baryon asymmetry
Combining equations (12) and (13), we get the present baryon asymmetry as
Values of ε Σ ∼ 10 −7 is required to account for the value η B = n B /n γ ≃ (2 − 6) × 10
obtained from CMBR result by WMAP [17] and from the successful theory of primordial nucleosynthesis.
Leptogenesis of first kind(by a right handed singlet fermion) was first proposed by Fukugita and Yanagida [18] . But leptogenesis of 2nd and 3rd kind(by a scalar triplet and a fermion triplet) is not so simple. The main concern with the other possibilities is that gauge scatterings can keep SU(2) L triplets close to thermal equilibrium, conflicting with the third Sakharov condition. In this Letter, we carried out the calculation of the lepton asymmetry for the fermion triplet case and have discussed possible issues related to it. In our model, the decay of the heavy fermionic triplet neutrino(but lightest among the three generation and neutral i.e, Σ 0 1 ) can create a lepton asymmetry, if the Yukawa couplings h provide the source of the CP violation. The lowest order non-trivial asymmetry comes from the interference of the tree-level diagrams with the one-loop diagrams. We calculate the CP asymmetry and find it to be the same as that in the canonical seesaw model. If the fermionic triplet is heavier than the extra Higgs field η, it can decay to a light lepton(ℓ L ) and an extra Higgs (η). Using the Yukawa term h αilα (iτ 2 )Σ i η, at the tree level, the decay widths are given by
where the factor, depends on the mass of the decay product in addition to that of the decaying particle. For the increasing values of M η , we get a smooth interpolation from
). Usually the decay products are assumed to be very light and hence, this factor is taken to be 1. However this factor can also be very small for nearly degenerate mass between the Σ and η field . We shall consider the case when this factor is very small [16] . In the present model, the value of parameter r Σ i is taken to be very small(of the order of O(10 −4 )) and has been shown in next paragraph how this small value of r Σ i can give required CP asymmetry to explain TeV scale leptogenesis. At present we don't have any explanation for the smallness of r Σ . But we hope that when this model will be embedded in any higher theory and some symmetry of that theory will provide an explanation.
The CP asymmetry is given by
which is free from the masses of the decay products. Here the functions f and g are the contributions from the vertex and self-energy corrections, respectively:
We consider the case where we have
because the number density of Σ 2,3 is rapidly Boltzmann suppressed at the temperature below its mass M Σ 2,3 ), where the final lepton asymmetry will mainly come from the decay of Σ 0 1 . We can simplify the lepton asymmetry (18) as
We remind that when the lightest particle is a fermion triplet neutrino Σ 0 1 , the leptonasymmetry from its decay is given by the famous relation [31, 35, 36] (inserting the neutrino mass in that formula (21)),
with m 3 and δ are the biggest eigenvalues of the neutrino mass matrix and the CP phase, respectively. Here we have assumed the neutrinos to be hierarchical [37] . Clearly, in the present case, the Davidson Ibarra bound [35, 36] is relaxed by a factor of 16π 2 /O(λ).
For effectively creating a lepton asymmetry in the thermal evolution of the universe, the decays of Σ 1 should satisfy the condition of departure from equilibrium, which is described
is the total decay width of Σ 1 and
is the Hubble parameter with the Planck mass M Pl ≃ 1.2 × 10 19 GeV and the relativistic degrees of freedom g * ≃ 100 [12] . In order to satisfy the out of equilibrium condition, we should have eV and the sin δ = −1, we will get
−10 (27) as desired to explain the matter-antimatter asymmetry of the universe.
Successful leptogenesis will require that the final result for η B should be order of 10 −10 .
These results show that the out-of-equilibrium decay of Σ In this scenario, the scale of fermion triplet is around 100 TeV and hence avoids gravitino problem.
The relevant Lagrangian which is important for leptogenesis by fermion triplet is
+ gauge interaction part of fermion triplet (28) The gauge interaction term comes from D µ ΣD µ Σ. In this term, 
V. DARK MATTER AND PHENOMENOLOGY OF Σ
Now we come to discuss the application of our model to the dark matter issue of the Universe and other issues in neutrino physics. Here we will restrict ourselves to the dark matter candidate that appear from the model of neutrino masses. One natural explanation of neutrino mass is due to radiative models. In such models one introduce some additional fermionic and scalar particles and impose some extra symmetry. Among these, the lightest neutral component can be candidate for dark matter. In this case η can be dark matter candidate If Σ mass lies in the range of TeV scale, then we can have clean signature at LHC even if only a few events are seen [13, 25, 33] . The neutral component are seen as missing energy though this is difficult to track, but the charged component of Σ are enough long-lived so that they manifest in the detector an charged tracks. The lifetime of Σ ± particles is τ ≃ 44/8 cm and the possible decay channels are
The mass splitting between charged component and the neutral one is ∼ 167 MeV. This mass 
Where f π = 131 MeV and ∆M=167 MeV. The lifetime of Σ + is long enough so that the decay can happen inside the detector. Unlike fermion singlet, Σ has gauge interaction and will give rich LHC phenomenology. The higgs(η) contribution can be realized if
For limiting case, where we have M η ≪ M Σ , the value of decay width of the Σ know the quantum number of the particle correctly and predict the gauge interaction of the particle(fermion triplet) very accurately. The cross-section for this process for TeV scale Σ field can be of few f b [15] .After production of Σ 0,± (say), it decays into standard model particles producing some jets.
and The main point is that the triplet fermion is found to be light unlike in the case of right handed fermion singlet. After production of a fermion triplet neutrino, its decay into a SM light lepton doublet and an extra scalar doublet, i,e, Σ 0 i → ν i η which can be tested at upcoming accelerator.
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